Educational Multimedia (EMM) is becoming a mature and integral part of teaching and learning systems, mainly due to its ability improve teaching and learning. However, EMM selection and evaluation for higher education is a complex and interdisciplinary problem characterised by uncertainty, dynamics, explicit and implicit knowledge and constraints, and involvement of different stakeholders. In this work, a domain-based web oriented Group Decision Support System (GDSS) is proposed for the selection and continuous evaluation of EMM for educational providers. The viability of developing and validating a web-based GDSS, integrated with knowledge management (KM) and instructional design as a support tool to overcome the difficulties in the selection and evaluation of EMM, is investigated. The proposed solution manages and supports the six phases of planning, intelligence, design, choice, implementation, and evaluation. In addition to design and implementation, performance evaluation is also presented using data collected from experts, instructors, and EMM producers. The results reveal that the proposed solution can successfully help educational consumers in selecting and evaluating EMM.
INTRODUCTION AND BACKGROUND
Providing quality education has become a major concern of many organizations, specially colleges and universities. Driven by the need to compete in a more global market, many universities are turning to the adoption of new educational technologies to expand their markets and improve the flexibility of their offerings. These technologies include the Internet and Multimedia, used in an educational context. The combination of the Internet and Multimedia has lead to the creation of content-rich and easy-to-access applications that can be very beneficial to education, be it self-paced learning, mobile learning (mLearning), distance education, or group-based tele-learning, all possible in both synchronous (real-time) and asynchronous (offline) modes. This has greatly expanded the traditional static educational content into dynamic interactive material and beyond the physical classrooms.
Multimedia can be defined as a computer program that includes text along with at least one of the following: audio or sophisticated sound, music, video, photographs, 3-D graphics, animation, or high-resolution graphics [17] . Accordingly, Educational Multimedia (EMM) is the use of multimedia in an educational setting. It sets out to take advantage of features of Multimedia in order to enhance and improve teaching and learning as a communication and presentation tool. The use of EMM has already offered opportunities and facilities to improve teaching, learning and assessment, in the form of tutorials, hypermedia, drill & practice, simulations, games, tests and Web-based learning [1] .
EMM is usually packaged as instructional material (content), assessment tools, and course management system. However, production of these packages and Multimedia in general can be time consuming and costly [21] . It takes time and effort to produce and/or modify EMM content; therefore, proper selection and evaluation of EMM becomes an important economic factor for EMM providers and Universities in order to save both time and money. But, selection and evaluation of EMM systems is a complex problem involving many interrelated factors including: diversity of required knowledge, characteristics of the problem, competencies and interests of stakeholders, and transparency and communication. Diversity of required knowledge itself involves different areas such as Internet technology, pedagogy, educational evaluation, software engineering, and other areas. EMM selection and evaluation is hence characterized by uncertainty, dynamic changes of the environment, explicit and implicit criteria and constraints, and involvement of different stakeholders [29] . While there are many selection methodologies and evaluation approaches involving hundreds of criteria, there is no comprehensive model that can solve this complex problem. In this paper, we propose a system, based on Group Decision Support System (GDSS), to contribute towards overcoming this complexity. We present our model, design, and proof-ofconcept implementation, as well as performance evaluations conducted with real education professionals and student.
RELATED WORK
While much effort has been spent on developing EMM content, sufficient attention to ensure their quality has usually been neglected [20] . Many commercial EMM developers do not properly evaluate the effectiveness of their instructional packages [31] . In response to this problem, it has been suggested that educators conduct their own evaluations [11] . Educators attempting to use EMM, such as Universities and colleges, need to be able to select, evaluate and know how to use EMM for instructional purposes effectively and efficiently. However, very often, users of EMM (instructors and students)
are not fully aware of the characteristics, features, types and limitations of these resources. As a result, they are often unable to critically assess their usefulness [2] . The selection and use of EMM that turns out not to be effective, will lead to the loss of both economic resource and time, and failure in effectively supporting the educational processes. Most of the methods and techniques for Commercial Off The Shelf (COTS) selection have a "closed world" assumption, in the sense that support is not provided for interaction between different stakeholders [29] . Lievertz [16] also points out the need for a new generation of software selection methodologies.
The available EMM evaluation models have a number of gaps. According to Pham [20] , "some models are not sufficiently explicit to allow easy implementation in practice.
Others even appear contradictory and are not substantiated by validation studies". A few EMM evaluation models provide some basic help for developing a selection criteria, but they do not provide comprehensive models for managing the whole selection and evaluation processes [30] [22] [29] .
At the same time, Decision Support Systems (DSS) have evolved and are now standard practice in many fields. DSS are interactive computer-based systems and subsystems intended to help decision makers use communications technologies, data, documents, knowledge and/or models to identify and solve problems and make decisions [23] .
These systems are usually used by a group of people, referred to as GDSS.
Consequently, a web based GDSS is "a computer-supported cooperative work that delivers decision support information or decision support tools using a "thin-client" Web browser like Netscape Navigator or Internet Explorer" [23] . Such a system could be used as a methodical and computerised solution for solving EMM problems with the above-mentioned characteristics, and this is the direction taken in this research. It should be noted; however, that acquiring a DSS is not as simple as obtaining a word processor: DSS are usually designed to handle complex situations. and very few fully ready DSS solutions are available, hence a DSS must usually be custom designed, developed and implemented for each specific application [30] . Those DSS system that are available off the shelf can support decision-making phases up to the choice phase and give some recommendation for implementation, but they cannot support all the required problem-solving phases such as implementation and evaluation that is needed by EMM systems. Therefore, in this paper will present the processes of development and validation of a specific-domain web based GDSS to support solving the problem of selection and evaluation of EMM. But before discussing the details of the system, some background about Knowledge Management and its application/ in EMM and Instructional Design must be explained. This is discussed next.
KNOWLEDGE MANAGEMENT AND EMM
Knowledge management (KM) involves human resource, enterprise organization and culture, as well as the information technology, methods and tools that support and enable it [19] . KM typically follows six cyclic steps: Create, capture, refine, store, manage/update, and disseminate the knowledge [30] . After the knowledge is disseminated, new knowledge would be created in the cyclic process, and the cycle will continue. Another perspective of KM is given in [12] where most of KM basic processes are defined as follows: "To increase/create knowledge includes to discover, to research, to read, and to study knowledge. To capture knowledge includes to write, and to record knowledge. To refine knowledge includes to verify, to correct, to update, to augment, to clarify, and to generalize knowledge. To share knowledge includes to present, to publish, to distribute, and to discuss knowledge. To apply knowledge includes to plan, to decide, to design, to build, and to solve problems". Consequently, Knowledge Management Systems (KMS) are tools aimed at supporting knowledge management.
KMSs evolved from information management tools that integrated many aspects of computer-supported collaborative work environments (CSCW), which can directly apply to EMM systems through instructor/student interactions, with information and document management systems [7] . A KMS provides support for many information functions, such as acquiring and indexing, capturing and archiving; finding and accessing; creating and annotating; combining, collating and modifying; and tracking [5] .
The relationship between KM and EMM becomes evident when focus is shifted to Instructional Design. It is intuitive that using EMM in higher education as learning or teaching tools should be based on educational background. Instructional Design (ID) is the key background for this problem. Earlier research defines ID as a decision-making process of identifying the most effective instructional methods under given conditions to achieve optimal outcomes [9] [27]. More recently, ID is defined as a systematic approach to instructional planning that typically involves a project team analysing a problem situation, exploring alternative performance support or instructional solutions, and then planning, implementing, evaluating, and managing solutions [28] . The four general stages of any instructional design process include a) analysis, b) design, c) development, and d) implementation, with evaluation being a continuous task. Based on these definitions, ID can basically be thought of as a problem solving process. Most modern instructional design models include the process of evaluation, and there are generally two forms of evaluation in instructional design models: formative evaluation and summative evaluation [4] . The evaluation methods used in part as a standard in this research are the summative evaluation procedures. In our system, the expert judgment phase of summative evaluation was used for the selection process of EMM as quality control, and the field trial phase was used to assess the impact of using EMM. To assure quality, the system supports the EMM acquiring and evaluating process. Since EMM is a learning and teaching tool, instructors, administrators, and universities need to be able to use instructional design models to carefully define the educational problem, learner's needs, goals of using EMM, and then consider how EMM can assist them in achieving those goals.
KM in Instructional Design
ID is a complex, collaborative activity involving teams whose members are often distributed in different locations. Consequently, it is recommended to use a KMS to support ID. For example, the European Commission Fifth Framework Adapt IT Project involves the use of a KMS in the design and development phases of ID [7] . Since KM technology can be integrated into an instructional delivery framework, it has the potential to affect patterns of interaction among those who design and develop instruction, such as instructional designers, developers, content experts, system integrators, graphics artists, and media specialists. Specifically, a KMS enhances communication, coordination, and collaboration among a team while improving longterm productivity by facilitating access, archiving, retrieval, and reuse of a variety of learning objects and instructional resources [18] .
Today, many new web technologies are used in E-learning systems. Many organizations use E-Learning, and E-Training for staff development. In these systems, E-learning addresses individual learning and KM widens the focus to organizational learning, and both share a common strategy of creating a learning organization [24] .
However, the source of knowledge in KM is much broader. More and more KMS tools are used in E-learning systems since knowledge and learning within the organization is supposed to be used by the employee to improve his/her comprehension of the way the corporation works. In this regard, Ikehara [13] argues that although learning starts with individuals, individual learning does not necessarily lead to organizational learning. This necessitates more integration between organizational learning and many other strategies such as staff development strategies. There is clearly a gap here that needs to be filled.
Knowledge Management in Higher Education
Traditionally, universities have been the sites of knowledge production, storage, dissemination, and authorization. The rapidly expanding use of technology in teaching and learning, and the transformed economic basis upon which universities are instituted, have caused universities to change and transform the ways in which knowledge is produced, stored, disseminated, and authorized [26] . The degree to which these changes are informed by strategic reasoning is proposed as an indicator of success. Higher Education institutions have "significant opportunities to apply knowledge management practices to support every part of their mission," [14] .
Both Kirschner [15] and Hansen [10] provide approaches for strategic reasoning to develop technical solutions to manage the knowledge base upon which higher learning depends. They recommend the use of web based KMS as a required key technology.
The capacity for such systems to be scalable provides a university with the ability to be more agile in its response to dynamic conditions. In our design mode, this recommendation has been implemented and KM has been integrated with instructional design and selection and evaluation of EMM decision-making process.
In short, one can identify two main shortcomings in existing systems that our proposed system tries to alleviate. The first one is the need for a comprehensive conceptual evaluation model to manage the process of selection and evaluation of EMM. The second one is the need for an online solution to make the process easy, accessible, systematic, flexible and interactive. With this in mind, let us now have a closer look at the proposed model.
THE PROPOSED MODEL FOR EMM SELECTION AND EVALUATION
The proposed model, as shown in figure 1 , is a web based GDSS that integrates the above-mentioned requirements and alleviates the aforementioned shortcomings. The model aims to be systematic, interactive, ready and easy to use, highly availability, support zero-administration clients, security and privacy. It is also easily integrated with other related processes in higher education, and uses KM and Web based GDSS to support higher education at strategic, tactical, and operational levels.
The proposed model is, in part, based upon the decision phases model discussed in [30] , where five stages for problem solving are given: intelligence, design, choice, implementation, and evaluation. However, in this research, after the problem was deeply investigated and decomposed into strategic management and tactical management issues, a new "planning" phase is proposed and added. In Beckman's [3] framework for KM, the following stages are defined for knowledge management: identify, capture, select, store, share, apply, and create. The model proposed here develops the EMM selection and evaluation criteria using KMS. Furthermore, the model is designed to support the process of instructional design, as explained earlier, where the process of selection and evaluation of EMM is part of that process. The model also makes use of the systematic evaluation procedures for interactive multimedia for education and training [25] , additional evaluation criteria specific to each EMM learning methodology [6] , and the criteria for evaluating multimedia instructional courseware [8] .
With the above taken into account, let us now have a closer look at the phases shown in figure 1.
Phases
The proposed model manages EMM selection and evaluation processes through a series of six sequential phases or steps. Those steps represent a series of decisions and actions to be taken by the top management at the higher education institution and selection and evaluation team, each step building on the one before. The six phases are planning, intelligence, design, choice, implementation and evaluation. There is a continuous flow of activities from planning to intelligence to design to choice to implementation to evaluation (continuous bold line) as shown in figure 1 . However, at any phase there may be a return to a previous phase (feedback) for corrective 
The web based GDSS design and implementation
A prototyping development methodology was used to design, implement, and deploy the system at Ajman University of Science and Technology in the UAE. Microsoft SQL 2000 and Active Server Pages (ASP) were used for the database and for the web application modules, respectively. The system's activity diagram is illustrated in Figure   2 , where the system users and their roles are shown above activity flow lines. Figure 3 shows the class diagrams that implement the EMM selection process. This process includes the intelligence, design and choice phases. The problem is defined, the solution is designed and the process of selection is based on the EMM validated criteria. The system will generate decision analysis report for every problem based on these data. The team is supported by a KM and group decision model. Everyone participates in various tasks as shown in the figure.
SYSTEM EVALUATION
As mentioned before, the application was developed, deployed, as a password-secured web site at http://gdssformultimedia.com, and tested with an experimental group of students at Ajman University. The students used the selected EMM and were asked to assess their degree of satisfaction by answering web-based questionnaires provided by the system itself. Also, the expert users and the manager were asked to evaluate the system. In this section we present some of the collected evaluation reports and validation feedback. Selection process is to rank the alternatives based on their respons e to the sub criteria, which will lead to rank the alternatives from the best one to the leas t successful one. Accordingly, selection process will order the alternat ives and choose the best one as a proposed solution validating the proposed criteria. Then users, after using the system during the period of an actual course, validate the model applying this criteria in the evaluation phase. Figure 6 shows the students' satisfaction report, while Figure 7 shows the results of the analysis of data collected from the students' pre and post-test grades. The system provided the grades, mean, standard deviation, and T-test of every group. Instructors' satisfaction with using EMM is shown in details in Figure 8 . 
Collected reports

Analysis
The solution was applied and validated empirically. The study triangulated the data obtained from the literature, questionnaire surveys, and workshops. Data were collected from experts, instructors, students, and EMM producers. The data reveals that the proposed solution has successfully supported selecting and evaluating EMM. The main factors for success and acceptance of the proposed solution in this work were: top management support, meaningful stakeholders involvement, advantages of using specific domain web based GDSS, knowledge management, integrated with proven instructional design model, comprehensive design and support, and the flexibility to meet decision makers both short-term and long-term objectives to solve a practical problem. This shows that a Web based knowledge management subsystem for managing EMM evaluation criteria continuously can be beneficial to EMM providers and users. This updated EMM criteria is considered as actionable knowledge required for decision making and as a learning and research resource. In addition, encouraging all stakeholders to join and work within an informal knowledge network is a major challenge for knowledge management. Our system resolves three main obstacles that need to be overcome in the process of adopting web based EMM for higher education: a) lack of time and commitment, b) lack of a formalized reward system for participants, c) lack of properly designed web based GDSS and KM, especially for higher education problems.
CONCLUSIONS
Using EMM in higher education should start and be rooted in educational technology plans, which have clear goals and objectives. Selection and evaluation of EMM is a complex problem. The solution for this problem should be comprehensive and interdisciplinary. Furthermore, it should support higher education strategic, tactical and operational levels. The proposed web based GDSS has been a successful supportive tool for the specified decision making processes required for selecting and evaluating EMM for higher education. The direct contribution of the proposed solution goes to higher education by identifying the benefits that could be acquired through the implementation and use of web based GDSS integrated with KM and instructional design, and by unveiling the most commonly observed implementation issues and barriers related to this technology. The proposed model also contributes to other stakeholders such as EMM, and web based GDSS developers and vendors. Our experience showed that integrating a continuously-self-evaluating KM system into the higher education processes is quite useful and highly recommended. More interdisciplinary and empirical research related to human factors is required to improve the design, implementation and evaluation of web based GDSS and KM for higher education use.
